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SUPRARENAL HAEMORRHAGE IN NEWLY BORN INFANTS 
WITH SPECIAL REFERENCE TO THE DIAGNOSTIC SIGNIFICANCE OF THE CLINICAL SYMPTOMS 


By NILS H. BUCH and ERIK THAMDRUP 


Suprarenal haemorrhage is no unusual finding 
at autopsy on stillborn infants or infants who 
die in the neonatal period. These haemorrhages 
may range from petechiae to haemorrhages of 
varying extent. In rare cases, these may be so 
massive that they rupture the capsule of the 
suprarenal gland and spread in the retroperito- 
neal space or intraperitoneally. 

Petechial haemorrhages can scarcely be attri- 
buted any significance as an actual cause of death 
but the very extensive may undoubtedly cause 
death on account of internal blood loss and shock. 
It is most difficult to estimate the significance 
of lesser haemorrhages in the suprarenal tissue. 

The haemorrhages may be unilateral or bilater- 
al. They occur most frequently in the inner corti- 
cal layer, which is most plentifully supplied with 
blood vessels, and in the medulla. 

The following factors are given as causes of 
suprarenal haemorrhage in newly born infants: 
(1) Trauma during delivery or attempts at resus- 
citation. (2) Asphyxia, which involves venous 
congestion. (3) Venous stasis on account of a 
prolonged period of expulsion. (4) Thrombosis 
of the suprarenal vein. (5) Infections, particularly 
sepsis. (6) Haemorrhagic diathesis. (7) Prema- 
turity. 

HISTORICAL REVIEW 

Addison (1849) demonstrated that destruc- 
tion of the suprarenal cortex caused death. Ma t- 
tei (1863) considered that suprarenal haemor- 
rhage in newly born infants was caused by the 
contraction pressure of the uterine muscle during 
the period of expulsion and he was of the opinion 
that haemorrhages were most frequent in the 
right suprarenal gland on account of its very 
exposed position between the liver and the spine. 
Hutinel (1877) explained the haemorrhage by 
the anatomical construction of the suprarenal 
glands with the special venous drainage which, 
should thrombosis occur in the large collecting 
From The Children's Hospital, Fuglebakken, Copen- 
hagen, Denmark. 
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veins, would cause waves of pressure backwards 
and, in this way, produce haemorrhage. S pe n- 
cer (1891) considered that manipulations were 
mainly responsible for suprarenal haemorrhage 
in newly born infants and mentioned particularly 
vascular fragility as a predisposing factor. Still 
(1897) considered that trauma was the most im- 
portant cause and, thereafter, asphyxia and ve- 
nous congestion. Arnaud & Alexais (1899) 
emphasized that the inner zone of the cortex 
contains numerous anastomosing capillaries which 
are not, as in the majority of other tissues, sup- 
ported by firmer connective tissue. Hamill 
(1901) supported the traumatic theory. This au- 
thor found 87 cases described in the literature 
and reported three cases of his own. The classical 
works by Waterhouse (1911) and Fr id e- 
richsen (1918) did not pay any special regard 
to suprarenal haemorrhage in newly born infants. 
Browne (1922) found 27 patients with supra- 
renal haemorrhage from among 400 newly born 
infants and six of these were among 153 live 
births. The author stresses particularly breech 
presentation as a provoking factor. In his materi- 
al, the condition was thrice as frequent among 
premature infants as among full-time infants. 
Corcoran & Strauss (1924) reported a case 
of suprarenal haemorrhage which was cured by 
operation and removal of a massive retroperi- 
toneal haemorrhage. These authors found 100 cases 
of suprarenal haemorrhage described in the lite- 
rature none of which were cured by operation. 
They considered that the causes were trauma or 
asphyxia and they warned against too violent 
attempts at resuscitation. Lundquist (1930) 
found 17 cases of suprarenal haemorrhage in a 
material from a maternity department in Stock- 
holm in a 12-year period. In 11 of these cases, 
the delivery had been complicated. Arnold 
(1930) made the diagnosis in four patients from 
the combination of shock and an abdominal tu- 
mour. Two of the patients were cured by treat- 
ment with transfusions. Goldzieher & Gor- 
don (1932) reported 81 cases, 43 of which were 
in newly born infants. These authors subdivided 
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the causes into: (1) birth injuries; (2) local and 
(3) general causes. Levinson (1935) reported 
eight cases of which six were delivered by the 
breech and two by Caesarean section and resus- 
citated by slapping the back. Snelling & Erb 
(1935) found 38 definite cases of suprarenal hae- 
morrhage from among 3637 consecutive autopsies 
on children of all ages. Fifteen of the cases of 
suprarenal haemorrhage occurred in newly born 
infants. The authors mentioned the following 
causes: haemorrhagic diathesis, difficult delivery, 
violent resuscitation and increased pressure in 
the venous return. Dyggve’s material (1952) 
consisted of approximately 33,000 non-selected 
newly born infants with birth weights of over 
1000 g. Out of these, 38 had definite suprarenal 
haemorrhage. Prematurity, asphyxia and birth 
trauma were the etiological factors of greatest 
significance but the author demonstrated, in ad- 
dition, that suprarenal haemorrhage was thrice 
as common in infants born to mothers who had 
not been treated with vitamin K as in infants 
whose mothers had received such treatment. S a- 
lomone (1956) reported 12 cases of newly born 
infants with suprarenal haemorrhage and sup- 
ported the theory of anomalies in pregnancy and 
delivery as causes. The author pointed out, fur- 
ther, that the condition hardly ever occurs alone 
but occurs in combination with other conditions 
in an acute syndrome. 


MATERIAL 


The material comprizes 44 live-born infants 
who died during the neonatal period in The 
Children's Hospital, Fuglebakken, Copenhagen, 
during the years 1949—1958 and in whom supra- 
renal haemorrhage was demonstrated at autopsy. 
Cases are only included if the suprarenal glands 
appeared swollen at autopsy and if section of the 
organ revealed free blood. Cases with petechial 
haemorrhage were excluded. All of the autopsies 
were conducted by the late Dr. Bj. Wimtrup, 
Pathologist. 

None of the haemorrhages were so pronounced 
that they had caused rupture of the suprarenal 
capsule and extension of the haemorrhage into 
the peritoneum and the retroperitoneal space. 

Out of the 44 patients, 28 had bilateral and 16 
unilateral haemorrhages of which eight were 
right-sided and seven left-sided. In one case, no 
information was available concerning the side 
affected. In the unilateral cases, petechiae or 


hyperaemia were present in the contralateral su- 
prarenal gland in approximately half of the cases, 

An attempt was made to estimate the signifi- 
cance of the suprarenal haemorrhage for the sym- 
ptoms which the patients exhibited and for the 
fatal outcome by comparing the material with a 
control material comprizing 44 live-born infants 
who died in the neonatal period in The Children's 
Hospital during the years 1954—1958 and in 
whom no suprarenal haemorrhage was demon- 
strated at autopsy. The main diagnoses in these 
patients appear from Table I. 


Table TI. 
Main Diagnoses for the Patients in the “Control 
Material” (Patients without Suprarenal Haemorrhage). 











Congenttal heart disease …… eee see « 1 
Intracranial haemorrhage ..……............... 4 
NE ananas Rt deeannorbestertairte 2 
EE ER eters enseuursent 1 
ee ne Ennn rater earn oade Ri 
Congenital hydrocephalus .................. 3 
EN init ie ncnnewenwseei dd ese 1 
EE  ostesewnnnnseseseesnonner. 1 
 aenntiannend driers seerd 1 
vennnnnteneetdene 8 
DN: eenen wiee nrs vers dede 8 
(Birth weight <1000 g: 7 
1710 g: 1) 
WR annvntnbikensnerntaeawsthers shin dien 44 





Sex Distribution. 

As is apparent from Table II, suprarenal hae- 
morrhage occurred equally frequently in girls and 
boys, while boys comprized % of the control 
material. 


Table II. 


Sex Distribution of Patients with Suprarenal Haemor- 
rhage and Patients without Suprarenal Haemorrhage. 








Boys Girls Total 





With suprarenal haemorrhage...... 22 22 4 
Without suprarenal haemorrhage … 27 17 44 





Birth Weight. 

Prematurity was encountered equally frequently 
in patients with and without suprarenal haemor- 
rhage as the birth weight was below 2500 g in 
4/5 of the patients in both groups (Table III). It 
is striking that only three of the patients with 
suprarenal haemorrhage had birth weights of 
under 1000 g while there were nine patients in 
this weight class among the patients without 
suprarenal haemorrhage. 


Table II. 
Birth Weights of Patients with Suprarenal Haemorrhage and Patients without Suprarenal Haemorrhage. 





1000— 1501 2001— 





< 1000 g 1500 g 2000 g 2500 g > 2500 g Total 
With suprarenal haemorrhage .…...............e 3 8 14 10 9 44 
9 1 10 7 11 dt 


Without suprarenal haemorrhage .……................ 
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Table IV. 


Age at Commencement of Symptoms in Patients with Suprarenal Haemorrhage and Patients without Supra- 
renal Haemorrhage. 








ol 112 12-24 > 24 No. 





Hours Hours Hours Hours Information Teal 
With suprarenal haemorrhage .……..................…« 21 8 2 4 6 44 
Without suprarenal haemorrhage.................……. 23 1 2 8! 7 44 





Table V. 
Age at Death for Patients with Suprarenal Haemorrhage and Patients without Suprarenal Haemorrhage. 














<12 12-24 1-2 

Hours Hours Days Days Days Toul 
With suprarenal haemorrhage ….…….................. 17 7 9 7 4 44 
Without suprarenal haemorrhage ….……................ 7 4 5 15 13 44 





Age at Commencement of Symptoms and at Death. 

As appears from Table IV, over half of the 
patients both with and without suprarenal hae- 
morrhage exhibited symptoms immediately after 
birth. In 34 patients with suprarenal haemorrhage 
and in 26 without suprarenal haemorrhage, sym- 
ptoms commenced during the first day of life. 
The symptoms led rapidly to death, particularly 
where the patients with suprarenal haemorrhage 
were concerned (Table V) as 17 of these died 
within 12 hours and 24 within 24 hours after 
delivery, as compared with seven and 11 patients 
without suprarenal haemorrhage. 


Clinical Symptoms. 

Table VI indicates a series of symptomes which 
were observed in the patients. The symptoms: 
cyanosis, subnormal temperature, vomiting and 
alterations in skin colour, occurred somewhat 
more frequently in patients with suprarenal hae- 
morrhage than in patients without suprarenal 
haemorrhage, but the majority of symptoms oc- 
curred equally frequently in the two patient 
groups. 


Table 6. 
Clinical Symptoms in Patients with Suprarenal 
Haemorrhage and Patients without Suprarenal 
Haemorrhage. 





Number 


With Without 
suprarenal suprarenal 
haemorrhage haemorrhage 





DE rs ecn 43 33 
Respiratory difficulties …… 34 32 
Rectal temp. <36° C …..…… 25 18 
ne 23 20 
aids boden das 15 19 
a be an ke anne hin 12 7 
Alterations in colour .…………. 10 3 
geer er se: 4 3 
EE Vie ee ES EL 4 2 
Haemorrhages in the skin … 3 3 


eere kinne Cs ke 2 2 





Complicating Conditions in Patients with Supra- 
renal Haemorrhage. 

In only two out of the 44 patients was supra- 
renal haemorrhage the only pathological finding 
at autopsy. In these two patients, however, ex- 
amination of the brain was not undertaken. One 
of the patients was an infant with a birth weight 
of 900 g and the other was a primary asphyxiated 
infant who weighed 2500 g at birth. 

As is apparent from Table VII, pulmonary ate- 
lectasis was found in 32 infants, haemorrhages 
elsewhere than in the suprarenal glands in 17 
and of these seven had intracranial haemorrhages 
while eight patients had infections. The brain 
was not examined in 20 out of these 44 patients. 


DISCUSSION 

During the years 19491958 in which this 
material was collected, 158 infants died in the 
neonatal period in The Children's Hospital, Fug- 
lebakken. Autopsy was carried out in 137 of 
these patients and suprarenal haemorrhage was 
found in 33 per cent of the cases submitted to 
autopsy. 

Browne (1922) demonstrated 
haemorrhage in approximately seven per cent 
out of 400 stillbirths and neonatal deaths coming 
to autopsy, while Dyggve (1952) found supra- 
renal haemorrhage in 3.6 per cent out of 2647 


suprarenal 


Table VII. 
Complicating Conditions in 44 Patients with 
Suprarenal Haemorrhage. 





Prematurity (birth weight <2500 g) 

Pulmmenary aAastestaeis …sscsssceesseecvevne 32 

Haemorrhage outside suprarenals .…......... 17 
(intracranial haemorrhage: 7) 

ON eet di added nb eames acest N 
(pneumonia: 5, purulent meningitis: 1, 
sepsis: 1, gastroenteritis:1) 

Congenital heart disease .…................... 

DE Beneeetobwbenerddesddnden 
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stillbirths and neonatal deaths. Extensive hae- 
morrhage (at least as large as a hazelnut) was 
found, however, only in approximately 1.5 per 
cent. Snelling & Erb (1935), in a consecu- 
tive series of autopsies comprizing 3637 children 
of all ages, found suprarenal haemorrhage in one 
per cent. 

These very varying findings are probably due 
to lack of uniformity in the pathological-anatom- 
ical limits of the diagnosis. The strikingly great 
incidence in the material presented here may 
probably be explained by the fact that the ma- 
terial is selected, originating as is does from a 
department with a great number of premature 
infants. 

In this material, suprarenal haemorrhage oc- 
curred equally frequently in girls and boys while 
in previously published materials (Lun dquist 
1930, Salomone 1956) there was considerable 
male preponderance. 

It is stated, as a rule, that greater birth weight 
predisposes to suprarenal haemorrhage (Lun d- 
quist, Salomone) on account of the in- 
creased risk of trauma. Browne (1922) states, 
however, that suprarenal haemorrhage is thrice 
as frequent in premature infants as in full-time 
infants and in Snelling & Erb’s material 
(1935) six out of 15 and in D yggve’s material 
(1952) 19 out of 38 patients were premature. The 
present material confirms the fact that supra- 
renal haemorrhage is common among premature 
infants but not, however, among infants with 
birth weights of less than 1000 g. This observation 
is probably due to the limited viability of these 
infants which results in death without the devel- 
opment of the conditions which are complicated 
by suprarenal haemorrhage. 

In 17 of the patients, there were haemorrhages 
outside the suprarenal glands while this was only 
present in eight of the patients without supra- 
renal haemorrhage. Prothrombin determinations 
were carried out in 12 of the patients with 
suprarenal haemorrhage and in nine patients 
without suprarenal haemorrhage. Definite hypo- 
prothrombinaemia was encountered in four pa- 
tients in each group. Insufficient information is 
available concerning the deliveries and prophyl- 
actic administration of vitamin K to the mothers 
or the infants. It is, however, recorded that 13 of 
the infants with suprarenal haemorrhage suffered 
from primary asphyxia as compared with seven 
in the control group. Dyggve (1952) found 
that suprarenal haemorrhages were thrice as fre- 
quent in infants born to mothers who were not 
treated with vitamin K as in infants whose mo- 
thers received such treatment. This author regard- 
ed, however, prematurity, asphyxia and birth 
injuries as the most important etiological factors 
for the development of suprarenal haemorrhage. 
The authors of the present article consider supra- 
renal haemorrhage in premature infants as pri- 
marily due to increased haemorrhage tendency on 





account of vascular fragility (Ylppö 1924) 
and frequent occurrence of asphyxia while birth 
injuries are probably the most important etio- 
logical factor in infants with greater birth weights. 
Infectious diseases, which were encountered in 
eight of the patients in this material, may un- 
douubtedly also result in increased tendency to 
haemorrhage. 


Symptomatology. 

Only a few case reports are available where the 
diagnosis of suprarenal haemorrhage was esta- 
blished in newly born infants before death. Co r- 
coran & Strauss (1924) and Arnold 
(1930) made the diagnosis by laparotomy, the 
indication being palpable tumour formation in 
the renal region. Goldzieher & Gordon 
(1932) diagnosed the condition from the sym- 
ptoms of shock and abdominal or lumbar swell- 
ing. 

Snelling & Erb (1935) state that the main 
symptoms are shock and hyperirritability. G ol d- 
zieher & Gordon subdivide the symptoms 
into: 1) symptoms of acute suprarenal insuffi- 
ciency and 2) symptoms of haemorrhage in the 
suprarenal glands, both local and generalized 
(shock). The authors subdivide the symptoms 
of suprarenal insufficiency into (a) endocrine 
which includes rapid respiration, high tempera- 
ture, skin haemorrhages, metabolic changes, sci- 
zures and cyanosis and (b) associated symptoms 
i. e., gastro-intestinal and nervous symptoms. 


Friderichsen (1955) states that suprarenal 
haemorrhage in the neonatal period is characte- 
rized by asphyxia, violent cyanosis and shock 
while the symptoms in the Waterhouse-Fride- 
richsen syndrome (suprarenal haemorrhage in 
acute infectious diseases in older children) con- 
sist of hyperpyrexia, alternating cyanosis, pur- 
pura and shock. 

In the material presented here, an attempt has 
been made to evaluate the diagnostic significance 
of the clinical symptoms exhibited by patients 
with suprarenal haemorrhage by comparing them 
with a control group of infants who died in the 
neonatal period without suprarenal haemorrhage. 
As appears from Table 6, there is very little 
difference between the symptoms observed in 
patients in the two groups. However, the sym- 
ptoms: cyanosis, subnormal temperature, vomit- 
ing and alternations in the colour of the skin, 
seem to occur more frequently in patients with 
suprarenal haemorrhage. No swelling in the ab- 
domen or renal region was demonstrated in any 
of the patients. The body temperature was raised 
in four patients of whom two had infections and 
one cerebral haemorrhage. Goldzieher & 
Gordon (1932) consider hyperpyrexia to be 
one of the most important symptom in infants 
with suprarenal haemorrhage as they found raised 
temperature in 12 out of 37 patients. 
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The clinical symptoms in newly born infants 
with suprarenal haemorrhage are, according to 
the present investigations, so uncharacteristic that 
the diagnosis cannot be established on this basis. 
In very massive haemorrhages, which are ex- 
tremely rare, and which are not represented in 
this material, it appears possible, however, ac- 
cording to the literature, to establish the dia- 
gnosis from the symptoms of shock, signs of 
internal haemorrhage and swelling in the renal 
region. P 

It is impossible to state whether the symptoms 
observed in this material were due to suprarenal 
haemorrhage or a complicating (primary?) con- 
dition as in only two of the 44 patients was the 
suprarenal haemorrhage the only pathological 
finding at autopsy. Both of these infants were, in 
addition, premature and the crania were not 
opened at autopsy. 

For the same reasons, it is impossible to deter- 
mine the significance of the suprarenal haemor- 
rhage for the fatal outcome. It is possible that 
even quite large haemorrhages do not always 
prove fatal in the acute stages, as autopsies of 
patients in whom there was a history of complic- 
ated delivery or trauma in the lumbar region, re- 
vealed changes in the suprarenal glands suggest- 
ing previous haemorrhage: deposition of haemo- 
siderin, calcification and osseous changes (Sne l- 
ling & Erb 1935, Rack & Eiben 1951, M i n- 
der 1954 and Stevens & Tomsykoski 
1954). 


SUMMARY 


Following a review of the literature on supra- 
renal haemorrhage in newly born infants, a ma- 
terial is presented comprizing 44 liveborn infants 
who died in the neonatal period and in whom 
enlarged suprarenal glands containing free blood 
wer found at autopsy. Bilateral haemorrhages 
were present in 28 of these cases and unilateral 
haemorrhage in 16 cases. 

Suprarenal haemorrhage was demonstrated in 
33 per cent out of 137 infants who died in the 
neonatal period and in whom autopsy was per- 
formed. This high incidence is explained by the 
large number of premature infants. 

The material is compared with a control ma- 
terial comprizing 44 live-born infants who died 
in the neonatal period and in whom no supra- 
renal haemorrhages were found at autopsy. 

Suprarenal haemorrhages occurred equally 
frequently in boys and girls whereas boys com- 
prized 2% of the material without suprarenal hac- 
morrhages. In both groups, 4/5 of the patients had 
birth weight of under 2500 g. In 40 out of 44 
patients with suprarenal haemorrhages, the sym- 
ptoms commenced on the first day of life. Of 
these, 17 died within 12 hours and 24 within 24 
hours after birth as compared with seven and 
eleven, respectively, of the patients without supra- 
renal haemorrhage. 





The symptoms: cyanosis, subnormal tempera- 
ture, vomiting and alterations in the colour of 
the skin occurred somewhat more frequently in 
patients with suprarenal haemorrhage than in 
patients without suprarenal haemorrhage but, as 
the difference between the symptoms which were 
observed in the patients in the two groups was 
very slight, it is concluded that the diagnosis of 
suprarenal haemorrhage in newly born infants 
cannot be established on a basis of the clinical 
symptoms, unless very extensive haemorrhages 
producing symptoms of internal haemorrhage, 
shock and palpable swelling in the renal regions 
are concerned. 


It is impossible to determine whether the sym- 
ptoms observed in patients with suprarenal hae- 
morrhage were due to this or to a complicating 
(primary?) condition, as suprarenal haemorrhage 
was the only pathological finding at autopsy in 
only two of the patients, both of whom were 
premature. For the same reason, it is impossible 
to state what significance the suprarenal hae- 
morrhage had for the fatal outcome. 


SUMMARIO 
Niels H. Buch e Erik Thamdrup: HEMORRHAGIA 
SUPRARENAL IN NEONATOS. Con referentia 
special al significantia diagnostic del symptomas 


clinic. 
Es presentate — post un revista del literaturá 
super hemorrhagia suprarenal in neonatos — un 


material de 44 neonatos morite durante le periodo 
neonatal e monstrante in autopsia glandulas supra- 
renal aggrandite con sanguine libere. Le hemor- 
rhagia esseva bilateral in 28 del casos e unilateral 
in 16. 

Esseva demonstrate hemorrhagia suprarenal in 
33 per cento ex un total de 137 infantes morite in 
le periodo neonatal e submittite a autopsia. Se 
explica iste alte occurrentia per le alte numero 
de prematures. 

Le material es comparate con un material con- 
trolo de 44 neonatos morite in le periodo neonatal 
sin ulle hemorrhagia suprarenal incontrate in 
autopsia. 

Hemorrhagia suprarenal occurreva con le mes- 
me frequentia apud pueros e pueras, durante que 
pueros representava le % del material sin hemor- 
rhagia suprarenal. In ambe gruppos le 4/5 del 
patientes habeva un peso natal de minus que 
2500 g. In 40 patientes ex un total de 44 con 
hemorrhagia suprarenal le symptomas se declara- 
ba le prime die postnatal. Ex istes 17 moriva intra 
12 horas e 24 intra 24 horas post nascentia, le 
figuras respective del patientes sin hemorrhagia 
suprarenal essente 7 e 11. 

Le symptoms cyanosis, temperatura subnormal, 
vomito e alterationes del color cutanee occurreva 
alco plus frequente in patientes con hemorrhagia 
suprarenal que in illes sin hemorrhagia supra- 
renal. Tamen, le differentia del symptomas de 
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ambe gruppos essente negligibile il-es concludite, 
que le diagnose de hemorrhagia suprarenal in 
neonatos non pote establir se super le base del 
symptomas clinic, a minus que il se tracta de ex- 
tensivissime hemorrhagias con symptomas de he- 
morrhagia interne, choc e intumescentia palpabile 
del regiones renal. 

Esseva impossibile determinar si le symptomas 
observate in patientes con hemorrhagia supra- 
renal esseva debite a iste hemorrhagia o a altere 
condition complicante (primari?), pois que he- 
morrhagia suprarenal esseva le unic trovata pa- 
thologic in solmente duo patientes, ambes pre- 
matures. Ex le mesme ration es impossibile le 
evaluation del rolo de iste hemorrhagias relative 
al exito fatal. 
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TREATMENT OF METHANOL AND ETHANOL POISONING 
WITH HEMODIALYSIS 


By J. O. WIETH and H. E. JORGENSEN 


During the last few vears hemodialysis has 
proved valuable, on limited indications, in re- 
moving certain poisons from the human organism, 
especially in the case of heavy barbiturate in- 
toxication, salicylic acid poisoning, and severe 
bromide intoxication (1, 2, 6, 10, 16, 25, 31, 33, 38, 
39, 42). A definite area of indication has recently 
been found in the treatment of methanol poison- 
ing. 

In order to remove a poison by means of hemo- 
dialysis the following conditions should be ful- 
filled (38): (1) The molecule must be so small 
compared to the pore size of the dialyzing mem- 
brane that it can diffuse through the membrane 
at a speed resulting in a reasonable removal rate. 
(2) The poisonous agent must be dissolved in 
accessible fluid compartments in a freely diffus- 
ible—or readily dissociable—state. (3) The 
amount of poison dialyzed must constitute a 
significant addition to the normal mechanisms 
for elimination of the poison in question by ex- 
cretion, conjugation, and metabolism. 

Both methanol and ethanol fully meet these 
requirements. In 1947 (7) peritoneal dialysis was 
carried out on methanol poisoned rats. The results 
was promising, as nine out of 13 rats which had 
been given the MLD95 of methanol could be saved 
by this procedure. 

Treatment of methanol poisoning with hemo- 
dialysis was proposed by Schreiner in 1958. 
Successful hemodialysis experiments have later 
been carried out with methanol poisoned dogs 
(30). In 1960 Stinebaugh (37) published a 
report on three cases of methanol poisoning in 
human beings treated with peritoneal dialysis. 
In order to remove all methanol from the patients 
by this rather inefficient dialyzing method, it 
was necessary to extend the procedure over 12—18 
hours, which is too long a period of treatment 
considering the mechanism for development of 
persistent and eventually fatal damage from me- 
thanol poisoning. Of the three patients treated 
one died, two survived, but both of them became 
blind. 

So far the correct conservative treatment of 
methanol poisoning has been the object of great 
disagreement. Symptomatic treatment of the 
metabolic acidosis with NaHCO3 (8) is generally 
agreed upon, but some authors still doubt whether 


From the Dialyzing Unit, Medical Department III 
(Head: Prof. Flemming Raaschou), and Central Cli- 
nical Laboratory (Head: Claus Brun), Kommunehospi- 
talet, Copenhagen. 


treatment with ethanol is advisable (32, 41). The 
cause of this discussion, as stressed by Rge 
(34, 35, 36) and Gilger (13, 14, 15), is to be 
found in erronous conclusions drawn from animal 
experiments. It must be emphasized that the 
pathophysiology of methanol poisoning in man 
is essentially different from that in the usual 
experimental animals, e.g. mice, rats, guinea 
pigs, and dogs (4, 13, 27, 28). In lower vertebrates 
the toxicity of methanol is solely due to its nar- 
cotic effect, and the course of methanol poison- 
ing differs in no way from intoxication with 
other anaesthetics. Toxic doses for these species 
are about ten times larger per weight unit than 
for human beings (35). The narcotic effect of 
methanol on man and monkeys is but slight, and 
the course of the poisoning is dominated by pro- 
found metabolic disturbances caused by the 
break-down products of methanol: formic acid, 
presumably together with formaldehyde (9, 22, 
23), which has been shown to be a specific 
glucose-hexokinase-inhibitor (9). After consump- 
tion of methanol the onset of metabolic symptoms 
will be delayed from two to 48 hours. A serious 
metabolic acidosis may develop, and severe, even 
irreversible lesions of retina and basal ganglia 
may occur (15). In vitro (9, 24, 43) as well as 
in vivo (14, 15, 26, 43) it has been shown that 
ethanol is a biological competitor with methanol 
at the first step of its metabolism. Furthermore, 
it has recently been proved that treatment with 
ethanol started within 12 hours of methanol 
consumption can prevent development of other- 
wise certain defects of vision and brain in mon- 
keys (15). This prevention cannot be obtained 
by correction of acidosis alone. 

However, clinical reports show that even with 
intensive conservative treatment the prognosis of 
methanol poisoning as to life and vision is serious 
(5, 8, 17, 19, 29). In a report of 323 cases Be n- 
nett et al. (5) found that of 115 patients devel- 
oping acidosis (plasma CO2 combining power less 
than 20 milliequivalents per litre) 36 per cent 
(4í patients) died in spite of intensive treatment 
with ethanol and bicarbonate. 

Till now no cases of methanol poisoning in 
human beings treated with hemodialysis seem to 
have been reported. Though our case had a fatal 
end, in all probability because too long time had 
elapsed from the patient’s consumption of metha- 
nol till hemodialysis was started, we want to 
report it, as it seems to us that in future this 
treatment should be able to save otherwise deadly 
poisonings. 
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CASE REPORT I * 


A woman aged 43, previously admitted a couple of 
times to psychiatrical wards because of depressive 
neurosis and alcoholic abuse, drank on May 1st, 1960, 
in a couple of hours, an unknown quantity of metha- 
nol, believing it to be ordinary liquor. After about 
twelve hours the patient was found increasingly ill, 
with stomache ache, vomiting, blurred vision, and 
stupor, developing into coma. Eighteen hours after 
the consumption of methanol she was admitted to 
the Intoxication Centre, Bispebjerg Hospital. On ar- 
rival the patient was deeply unconscious, with are- 
flexia and dilated pupils without light reflexes. Two 
hours later spontaneous respiration suddenly stopped, 
and the patient was intubated and given artificial 
respiration. Analysis of arterial blood showed a 
severe metabolic acidosis, pH: 7.17, standard bicarbo- 
nate: 6.12 millimoles per litre.) During four hours 
she was given 1000 milliequivalents (85 grammes) of 
NaHCOs intravenously in 3.5 litres solution, where- 
after acidosis was corrected. Because of threatening 
lung edema the Dialyzing Unit was consulted. Hoping 
to be able to remove methanol and its break-down 
products, and without knowing the recent works of 
Marc Aurele & Schreiner (30) and Stine- 
baugh (37), we decided to submit the patient to 
hemodialysis, which was started 30 hours after me- 
thanol consumption. The clinical state was unchanged 
on admission to the Dialyzing Unit. Dialysis was 
undertaken with the Copenhagen modification of 
Skeggs-Leonard’s artificial kidney (2, 20, 21). Dur- 
ing a four-hour dialysis blood methanol concentra- 
tion fell rapidly from 146 to 14 mg per 100 ml 
(Fig. 1). 

After hemodialysis the patient was still comatose 
and the respiratory paralytis persisted. Repeated elec- 
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Methanol Poising Treated with Hemodialysis. 
X----X Methanol concentration calculated from 
the metabolic rate of methanol. 
@-—-® Methanol concentration during four hours 

hemodialysis. 


*) This blood sample was taken about one hour after 
treatment with NaHCOgs had been initiated. 
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troencephalograms showed but slight activity over 
the left occipital lobe. Six days after admission the 
electroencephalogram showed no activity at all, and 
the patient died when it was attempted to restore her 
spontaneous respiration. 

Our patient had consumed a lethal dose of 
methanol (33), estimably about 100 ml (Fig. 1), 
She was not treated with ethanol during the 
twelve hours she was in hospital before hemo- 
dialysis. Thirty hours had elapsed between 
consumption and hemodialysis. This supposedly 
determined the fate of our patient. 

With the possibility at hand, and with our 
present knowledge, hemodialysis seems to be the 
most effective way of treating methanol poison- 
ing. The treatment should be initiated as early 
as possible, optimally in the early symptomless 
period. Every hour may be significant for the 
prognosis. If hemodialysis cannot take place 
immediately, the patient should be treated with 
ethanol maintaining a blood level af 100 mg pr. 
100 ml. From a theoretical point of view this 
treatment can at least delay development of fatal 
damage, so that hemodialysis can be undertaken 
before irreversible lesions have occurred. 

The clinical diagnosis of methanol poisoning, 
especially in its early phases, may be extremely 
difficult because of anamnestic uncertainty and 
the manifold diagnostic possibilities (5, 19, 32, 
34). Metabolic acidosis and eye-symptoms are 
helpful, if present, but should not be waited for. 
Consequently, a rapid laboratory method for detec- 
tion of methanol and formic acid is necessary. 
Methods based on the colour reaction between 
chromotropic acid and formaldehyde, described 
by Eegriwe in 1937 (11), seem most suitable (12, 
18, 40, 41). If such methods are not available, it 
may be necessary to dialyze on suspicion of 
methanol poisoning. This problem is illustrated 
by the following case history, which moreover 
proves the efficiency of hemodialysis against 
ethanol poisoning. 


CASE REPORT II 

The patient was a man, aged 57, living at the 
Sundholm Workhouse. He had a history of periodical 
alcohol abuse. One morning the patient was found 
Iving unconscious on the pavement, with a broken 
bottle by his side. It was not possible to obtain in- 
formation about what it had contained. The patient 
was taken to a casualty ward. As the word “metha- 
nol” was mentioned, he was transferred via the 
Intoxication Centre, Bispebjerg Hospital, to the 
Dialyzing Unit. Before transportation he was given 
10 grammes of ethanol and 350 milliequivalents of 
NaHCOs. On admission the patient was stuporous 
and confused. Pupil reflexes were normal and blood 
analysis showed no acidosis. Hemodialysis with the 
abovementioned modification of Skeggs-Leonard’s 
artificial kidney was started immediately on sus- 
picion of methanol poisoning. One hour later the 
patient woke up and showed no clinical signs of 
alcoholic intoxication. One day later analysis of 


blood showed that the poisonous agent had been 
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ethanol. During a three hour dialysis the ethanol 
concentration in the blood had fallen from 284 to 46 
mg per 100 ml (Fig. 2). 
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Fig. 2. 

Ethanol Poisoning Treated with Hemodialysis. 
X----X Ethanol concentration calculated from 


the metabolic rate of ethanol. 
@———® Ethanol concentration during three hours 
of hemodialysis. 


The fact that ethanol is readily dialyzable mav 
be of value in treatment of severe intoxication, 
i.e. blood concentration above 400 mg per 100 


ml. In cases of combined barbiturate-alcohol 
poisonings hemodialysis may be even more 
valuable. 


SUMMARY 


Since treatment of ethanol and methanol poison- 
ing with hemodialysis was suggested in 1958, 
three cases of methanol poisoning treated with 
peritoneal dialysis have been reported by Stine- 
baugh. A report is given about one case of 
methanol poisoning and one case of ethanol 
poisoning treated with hemodialysis. A woman, 
aged 43, was submitted to hemodialysis 30 hours 
after consumption of estimably 100 ml of metha- 
nol. During a four-hour dialysis blood methanol 
concentration fell from 146 to 14 mg per 100 ml. 
Severe damage to the central nervous system 
proved to be irreversible, and the patient died 
seven days after consumption of methanol. 

The following treatment of methanol poison- 
ing is proposed: Immediate treatment with ethanol 
maintaining a blood level of 100 mg per 100 ml, 
followed by hemodialysis as soon as practicable. 
Rapid methods for detection of methanol and 
formic acid are necessary. 

On suspicion of methanol poisoning a 
aged 57 was submitted to hemodialysis. 


man 
Later 


analysis showed that the poisonous agent was 
ethanol. During a three-hour dialysis the blood 
concentration fell from 284 to 46 mg per 100 ml. 

The dialyzability of ethanol may be of value 
in treatment of combined barbiturate-ethanol 
poisonings. 


We are indebted to F. Lundquist, Ph. D, head 
of the Alcohol Department, Institute of Forensic 
Medicine, University of Copenhagen, who performed 
the analyses of methanol and ethanol. 


SUMMARIO 
J. O. Wieth e H. E. Jorgensen: TRACTAMENTO PER 
HEMODIALYSIS DE VENEFICIO DE METHANOL 
E ETHANOL 

Depost que esseva proponite in 1958 le tracta- 
mento de veneficio de ethanol e methanol per 
hemodialysis, Stinebaugh ha revortate tres casos 
de veneficio de methanol trac:s'> per dialysis pe- 
ritoneal. Es livrate un reporto super un caso de 
veneficio de methanol e un caso de veneficio de 
ethanol tractate per hemodialysis. Un femina de 
43 annos esseva submittite a hemodialysis 30 ho- 
ras post le consumption de estimabilemente 100 
ml de methanol. Durante un dialysis de quatro 
horas le concentration de methanol in le sanguine 
esseva bassate ab 146 a 14 mg per 100 ml. Sever 
injurias super le systema nerval central se mon- 
strava irreversibile, e le patiente moriva septe 
dies post le consumption de methanol. 

Es proponite le sequente tractamento de venefi- 
cio de methanol: Tractamento immediate per 
ethanol sustenente un nivello sanguine de 100 mg 
per 100 ml, sequite per hemodialysis si tosto que 
practicabile. Es necesse rapide methodos pro le 
detection de methanol e acido formic. 

A causa de suspicion de veneficio de methanol 
un masculo de 57 annos esseva submittite a hemo- 
dialysis. Un analyse posterior ha revelate que il 
se tractava de ethanol. Un dialysis durante tres a 
quatro horas ha bassate le concentration ab 284 
a 46 mg per 100 ml. 

Pote esser valutabile le dialysabilitate de ctha- 
nol in le tractamento de veneficios mixte barbi- 
turico-ethanolic. 
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PRIMARY CARCINOMA OF THE DUODENUM 


By P. AAGAARD, M. ANDREASSEN and J. LINDENBERG 


In the present paper an account will be given 
of five cases of carcinoma of the duodenum, with 
reference to the sites, clinical pictures, and treat- 
ments of the tumours. 

Buergermann et al. (1956), on the basis 
of a large autopsy material, set the percentage 
of primary duodenal carcinoma among all cases 
of carcinoma at 0.035. Mateer & Hartmann 
(1932) found three per cent of the intestinal car- 
cinomas to be duodenal. 

In Scandinavian literature cases have been 
published by Arnesen (1949), Bergendal 
(1939), Hansen (1938), and Jessen (1947), 
among others, and most recently by Skalle- 
berg (1957). 

Among these, carcinomas- situated in the 
superior, descending, and inferior portions of 
the duodenum are all represented. The tumours 
in the inferior portion, though interesting from 
a pathogenic aspect, give rise to fewer problems 
than the others with regard to treatment, because 
they can be treated as small-intestinal tumours 
by resection and end-to-end anastomosis. 

The greatest interest attaches to the tumours 
in the descending portion. According to Kle i- 
nermann et al. (1950), 60 per cent are situated 
in this place. However, these tumours are often 
difficult to distinguish from those arising from 
Vater’s papilla or from the head of the pancreas. 
Resnik et al. (1958) emphasized the importance 
of differentiating between primary and secondary 
duodenal carcinomas. On reviewing the literature 
from 1948 to 1956 they singled out 219 peripapil- 
lary tumours (previously diagnosed as primary 
duodenal carcinomas) as being doubtful. The 
total number of acceptable cases is then 361. 

The series under review comprises five patients 
treated during the period 19421958. 


CASE HISTORIES 

Case 1. A woman, aged 50, with symptoms of 12 
months’ duration. The operation disclosed a tumour 
arising either from the descending portion of the duo- 
denum or the head of the pancreas. Owing to meta- 
stases to the liver only a gastroenteroanastomosis was 
performed. The patient died five days later, and 
autopsy revealed ulcerating cancer of the descending 
portion of the duodenum. The site was infrapapillary 
with extension to the head of the pancreas. 

Histologic examination: Adenocarcinoma of the 
duodenum. 





From the Department of Surgery C (Head: Prof. 
E. Dahl-Iversen) and the Department of Surgery D 
(Head: Prof. E. Husfeldt), Rigshospitalet, University 
of Copenhagen. 


Case 2. A woman, aged 54, with symptoms of six 
weeks’ duration. The operation disclosed a tumour 
arising clearly from the lower border of the superior 
portion of the duodenum, but with extension to the 
pancreas and the gall-bladder. The case being in- 
operable, only a gastroenteroanastomosis was per- 
formed. 


Case 3. A man, aged 62, with symptoms of 4 months’ 
duration. The operation disclosed a tumour in the 
superior portion of the duodenum, just distal to the 
pylorus. Resection of the stomach and duodenum 
according to Billroth I was performed. The post- 
operative course was uncomplicated. 

Histologic examination: Adenocarcinoma of the 
duodenum. 


Case 4. A woman, aged 64, with symptoms of 3 years’ 
duration. The operation disclosed a hard, stenosing 
tumour in the descending portion of the duodenum 
on a level with Vater's papilla. It was impossible to 
decide with the naked eve whether the tumour arose 
from Vater'’s papilla or the duodenal mucosa, Pan- 
creaticoduodenal resection was performed. The patient 
died 3 days after the operation. 

Histologic examination: Adenomatous carcinoma of 
the duodenum. No tumour tissue round Vater's pa- 
pilla, and no extension of tumour tissue to the pan- 
creas. 


Case 5. A man, aged 61, with symptoms of five to six 
months’ duration. The operation disclosed a fist-sized 
tumour situated in the descending portion of the duo- 
denum or the head of the pancreas. The site of origin 
of the tumour could not be settled with the naked eye. 
Pancreaticoduodenal resection was performed with 
removal of the entire duodenum and half of the pan- 
creas, the caudal end of which was implanted into 
the posterior wall of the stomach. Gross examination 
revealed no metastases. 

Histologic examination: Adenocarcinoma of the duo- 
denum. No tumour tissue round the papilla. There was 
ingrowth into the head of the pancreas through the 
duodenal wall. The postoperative course was uncom- 
plicated, except for an abscess in the left parotid 
gland. 

At a follow-up 3 vears later the patient reported 
nearly complete subjective well-being. There was no 
loss of weight. The patient was fit to work. Neither 
palpation of the abdomen, X-ray of the stomach, nor 
gastroscopy disclosed any signs of recurrence. 


The diagnosis was made during the operation 
in all the cases. 

All the pre-operative X-ray examinations gave 
uncertain results. Most of the patients merely dis- 
played signs of pyloric or duodenal stenosis, the 
cause of which could not be specified. 

In agreement with the reports from the litera- 
ture, the clinical picture presented no special 
characteristic features. 
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The patients gave histories of symptoms rang- 
ing from one month to three years. None had 
had dyspepsia prior to the actual period of illness. 

The symptoms, especially the pain, were un- 
characteristic, more particularly not of an ulcer- 
like nature. 

There was no jaundice, haematemesis nor me- 
laena. All five patients had lost weight and all 
of them showed anaemia and occult haemorrhage. 

The results of treatment of primary duodenal 
carcinoma have been unsatisfactory so far. Res - 
nik et al. (1958), on his previously mentioned 
review of the literature from 1948 to 1956, found 
no more than seven patients who had survived 
for five years after surgical treatment, and in five 
of these cases the diagnosis of carcinoma of the 
duodenum was doubtful. 

The causes of the poor prognosis are presum- 
ably partly that many cases are diagnosed too 
late (due to the uncharacteristic clinical picture 
and the often uncertain radiographic diagnosis), 
and partly that the surgical intervention has not 
been sufficiently radical. The latter is true of the 
tumours in the descending portion owing to the 
well-developed Iymph drainage. Brunschwig 
& Tiboliz (1946) and Ebert et al. (1953) 
hold that in many cases the operation should be 
that of pancreaticoduodenectomy. Simple resec- 
tion will suffice only in cases of small movable 
tumours in the superior or the inferior portion. 

Two of our cases were inoperable (in one, symp- 
toms had been present for about one month only). 
These were treated palliatively by gastroentero- 
anastomosis. The patients survived for five days 
and six months respectively and died from me- 
tastases. 

In one case, where the tumour was situated in 
the superior portion of the duodenum and was 
judged to be operable, resection of the stomach 
and duodenum was performed according to Bill- 
roth I. This patient died from metastases two 
years and two months after the operation and 
had never been fit after it. 

Two patients were submitted to resection of 
the stomach according to Billroth IT and pan- 
creaticoduodenal resection. One of them died 
three days after operation owing to cholascos. 
The other was admitted for a follow-up exami- 





nation three years after the operation. No signs 
of recurrence were found. 


SUMMARY 


Five cases of primary carcinoma of the duo- 
denum are reported. The clinical picture and the 
diagnosis are discussed. Two patients were sub- 
mitted to palliative operation and died later from 
metastases. One had resection performed and died 
later from metastases. Two were submitted to 
radical operation with pancreaticoduodenectomy. 
One of them died three days after the operation, 
while the other is in a state of well-being three 
vears after the operation, with no signs of meta- 
stases or recurrence. 


SUMMARIO 


P. Aagaard, M. Andreassen e J. Lindenberg: CARCI- 
NOMA PRIMARI DEL DUODENO 


Es referite cinque casos de carcinoma primari 
del duodeno. Es discutite le apparentia clinic e 
le diagnose. Duo patientes habente essite sub- 
mittite a operation palliative moriva plus tarde 
per metastases. Un patiente, in que esseva exequite 
un resection, moriva plus tarde per metastases. 
Duo recipeva un operation radical con pancrea- 
tico-duodenectomia. Le un decedeva tres dies post 
le operation, durante que le altere es in un stato 
de ben-esser duo annos post le operation sin ulle 
indicio de metastases o recidiva. 
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CYSTEAMINE IN TREATMENT OF DYSPROTEINAEMIA WITH 
RAYNAUD'S SYNDROME 


By ERIK PEITERSEN 


In 1933, Wintrobe& Buell (31) described 
what they called “cold precipitable proteins” in 
Raynaud’s phenomenon in a patient with myelo- 
matosis. In 1947, Lerner & Watson (18) in- 
troduced the term ecryoglobulins for the serum 
proteins which precipitate out on cooling to 4° C. 
Hutchison & Howell (14) were the first 
to demonstrate that cryoglobulinaemia could be 
the cause of gangrene of the fingers and toes and, 
in more recent years, cryoglobulins have been 
demonstrated in a series of conditions in very 
slight quantities. These quantities are so slight 
that they cannot be of any pathological signi- 
ficance, whereas in diseases such as leukaemia, 
polyartheriitis nodosa, disseminated lupus ery- 
thematosus, polycythaemia vera, lues, Iymphosar- 
coma and Kala-Azar (28, 19, 3, 16, 22, 15) they 
may be present in such concentrations that Rayv- 
naud’s phenomenon is produced. The most frec- 
quent occurrence, however, is in myelomatosis 
(13, 10), and by means of investigations such as 
serum electrophoresis and particularly serum im- 
mune electrophoresis (27), the possibility for 
more differentiated analysis of the plasma pro- 
teins is available both as regards the proteins 
which occur normally and those which occur in 
pathological conditions. To date, 21 proteins 
which occur in serum under normal conditions 
have been isolated in this manner. The term 
eryoglobulin refers only to the property of the 
protein of precipitating out on cooling and in- 
dicates nothing concerning the other properties 
of the protein. As different proteins may have 
cryo-properties, the terms dys- or paraprotein- 
aemia are better for conditions with abnormal 
plasma proteins or abnormal distribution within 
the protein group. In recent years, a number of 
such cases have been described, including two 
from Denmark (7, 24). 

Publication of the present case {s justified not 
so much for its rarity as such but because this 
patient apparently, but also only apparently, 
presented a whole “museum” of diseases which 
all may be referred to dysfunction within a de- 
finite organ, viz., the bone-marrow. As far as is 
known, the treatment to which the patient is 
now subjected has not been attempted previously 
in Denmark and, judging from the literature, it 
has only been attempted in a few patients abroad. 
From the Department of Neurosurgery, Bispebjerg 
Hospital, Copenhagen. (Head: B. Broager). 


CASE HISTORY 

The patient is a male aged 70 vears. He was healthy 
until 1946 when he was admitted with a left-sided 
haemothorax following an accident. On admission, 
polycythaemia was discovered incidentally, the haemo- 
globin being 153 per cent, red cells 8 million and 
white cells 16,800. The spleen was slightly enlarged. 
The patient was treated with venesection on three 
occasions with the withdrawal of a total of 1500 ml 
blood. The patient felt well thereafter until a couple 
of years ago, i.e, for nearly 15 vears, when he began 
to complain of fatigue, slight dyspnoea on exertion 
and, in the past six months, increasing intermittent 
claudication particularly in the right leg. Imme- 
diately prior to admission, he could walk for only 
approximately 100 m before cramp in the legs oc- 
curred. These cramps had been unsuccessfully treated 
with Ronicol. Further, during the past months a 
tendency to cold fingers had developed on exposure 
to cold, improving on warmth. A week prior to ad- 
mission, the patient, who had not been exposed to 
cold, experienced severe pain in the fingers of both 
hands and in the right foot. Twelve hours later, the 
four lateral fingers of the left hand and the two 
lateral fingers of the right hand and the toes of the 
right foot had become cyanotic and partially anaesthe- 
tic. The patient was admitted to a medical ward and 
treated with sympathetic block and transferred to 
this department a week later for sympathectomy. 

On admission, the patient was found to be a thin 
man with a vellowish pallor, suffering from pain in 
the hands and the right foot. The skin on the finger- 
tips of the four lateral fingers on the left hand was 
markedly discoloured and cyanotic with reduced 
temperature and sensitivity. Normal pulsation could 
be felt in the radial artery. On the right hand, cor- 
responding but slighter changes were present in the 
two lateral fingers. On the right foot, the skin was 
extremely cyanotic apart from the upper part of the 
dorsum of the foot. No pulsation could be felt in the 
dorsalis pedis artery. Palpation of the femoral arteries 
revealed that the pulsation on the right side was 
definitely reduced as compared with the left. Palp- 
ation of the abdomen revealed that the spleen filled 
the entire left side of the abdomen as far as the 
iliac crest and to two fingerbreadths to the right of 
the umbilicus. No ascites was present and the liver 
could not be palpated below the rib-margin. 


Laboratory Investigations. 

Haemoglobin 56 per cent, BSR 93 mm per hour, 
RBC 3.55 millions, WBC 10,000, thromboecytes 410,000, 
differential count normal apart from poikilocytosis, 
reticulocytes 12 per thousand, bleeding time 12 
minutes and coagulation time 4 minutes, Coagulation 
factors I, II, IV, VIT and X were normal while factors 
VIII and IX were at the upper limit of normal, sero- 
tonin test normal, RA test negative (Albert Hansen), 
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cold agglutinin titre normal. Prothrombin index 48 
per cent, G.O.-transaminase 0.6 units/ml, alkaline 
and acid serum phosphatases 12.6 and 1.7 KA units/ 
100 ml, respectively. Thymol test and Takata-Ara ne- 
gative, serum bilirubin 0.5 mg/100 ml, bromsulphalein 
test normal. Blood urea 26 mg/100 ml. Serum chole- 
sterol 109 mg/100 ml, free cholesterol 33 mg/100 ml, 
total lipide 880 mg/100 ml, phospholipide 180 mg/100 
ml, phosphoglyceride 130 mg/100 ml, cephalin 15 mg/ 
100 ml, sphingomyelin 50 mg/100 ml, lecithin 115 
mg/100 ml. Serum protein 7 per cent. 

Serum electrophoresis revealed albumin 3.30, alpha-1 
0.55, alpha-2 0.60, beta-1 1.10, beta-2 0.40 and gamma 
1.05. 

Serum immune electrophoresis on repeated in- 
vestigations showed that beta-2-A-globulin was ex- 
tremely raised with alpha-2-beta-1-mobility associated 
with marked partial reduction of gamma and beta-2- 
M-globulin and, similarly, the transferrin was greatly 
reduced. The cerebro-spinal fluid showed marked in- 
crease in beta-2-A-globulin and transferrin, Free elec- 
trophoresis by Tiselius’ method showed: albumin 2.5, 
alpha 1.0, beta 2.1, gamma 1.4 g per 100 ml. Deter- 
minations of the serum viscosity showed practicallv 





Figs. 1—2. 


Skin Changes on the Hands. 


normal findings. Ultracentrifugation revealed that 
the paraprotein segmented out with the globulin com- 
ponent. The sedimentation relations in Svedberg units 
were: albumin 4, globulin 6, macroglobulin 18. The 
relative distribution was: albumin 58 per cent, glo- 
bulin 40 per cent and macroglobulin 2 per cent. The 
reaction for ceryoglobulin was found to be positive in 
heparin plasma at the first investigation but this 
could not be verified later. Examination of the urine 
did not reveal any abnormalities. 

Sternal puncture raised the suspicion of myelo- 
fibrosis and, therefore, biopsy from the iliac crest was 
undertaken. The specimen was markedly calcified 
and, after decalcification, it was shown that the bony 
trabeculae were very close to one another and thicken- 
ed. In the marrow spaces a sparse number of the 
usual haemopoietic cells were encountered and numer- 
ous proliferating reticular cells, some of which were 
normal and some moderately atypical. There was 
abundant fibroblastic activity and collagen connective 
tissue. Plasma cells were not found to be increased 
in number. Microscopic diagnosis: Osteomyelosclerosis. 
Further, splenic puncture was undertaken and revealed 
considerable extramedullary haemopoiesis, comprizing 
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Skin Changes on and Feet. 
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Micrograph of the Bone-marrow 
and Spleen. 


both granulopoiesis and erythropoiesis. The number 
of normal plasma cells was found to be increased and 
the number of reticular cells in the active stage was 
slightly increased. The picture was typical of myelo- 
sclerosis with compensatory extramedullary haemo- 
poiesis. Radiographic examination of the cranium and 
the entire spine did not reveal any signs of translu- 
cent areas nor opacities. No radiographic pathological 
changes were observed in the walls of the oesophagus 
and stomach. Tomography of the left side of the ab- 
domen showed a large soft tissue shadow extending 
to the iliac crest and over to the right side, Radio- 
graphy of the thorax revealed old pleural changes on 
the left side. X-ray examination of the extremities 
revealed arteriosclerosis but no bony changes. 

Biopsy from the region between the discoloured 
and the normal skin on the left little finger showed 
that the vessels were ectatic with oedematous walls 
and that there was moderate perivascular accumula- 
tion of mast cells, fibroblasts and occasional lympho- 
cvtes. There was thus no evidence of collagen disease 
nor of specific inflammation. Recordings of skin 
temperature before and after stellate and lumbar 
sympathetic block showed that no increase in tem- 
perature occurred and, therefore, sympathectomy was 
considered to be useless. 


DISCUSSION 


The symptoms of eryoglobulinaemia, which 
most frequently become manifest in patients be- 
tween 60 and 70 vears, are approximately thrice 
as frequent in males as in females (6) and consist 





of Raynaud’s phenomenon (31), skin affections 
such as purpura and erythema with transition to 
necrosis which is frequently haemorrhagic (8). 
Haemorrhage from mucous membranes is also 
common, particularly from the mucous mem- 
branes of the nose and mouth, while haemorrhage 
from the alimentary canal endangering life has 
also been described (3). Thrombosis in vessels 
other than those in the extremities is no raritv 
and effects the heart particularly and the vessels 
of the central nervous system (21) and has also 
been observed in the vessels of the eve (31, 33). 
Gangrene of the fingers and toes is the usual form 
of commencement of symptoms in the extremities. 
Successive amputation is frequently necessary. 
Spontaneous separation of fingers or toes may be 
observed (14). The cause of death is, as a rule, 
infection, pneumonia and sepsis or thrombosis 
in vital organs (6, 30). Thrombosis formation 
frequently occurs on cooling, in classical cases 
in vitro at 4° CG (18), but according to recent in- 
vestigations this may occur at temperatures as 
high as 20—30° C (14). 

The mechanism of this is that the plasma be- 
comes more viscous, whereupon the rate of cir- 
culation is reduced and precipitation of the pro- 
teins occurs. Aggregation of the paraprotein is 
concerned. These aggregation products precipi- 
tate out as thrombi which obliterate the vessels. 
Later, secondary thrombosis develops and is fol- 
lowed by coagulation necrosis often associated 
with blister formation and discolouration of the 
affected area, e.g., purpura may be observed. 
Other things being equal, the increased viscosity 
will increase the risk of thrombus formation 
which is seen in the cerebral and coronary ves- 
sels in addition to the vessels of the skin. These 
symptoms may be the first and patients have been 
reported who have been diagnosed as cases of 
cerebral haemorrhage and coronary occlusion 
for considerable periods but who actually suf- 
fered from dysproteinaemia. Sudden unilateral 
blindness has also been observed as the presenting 
symptom on account of oecclusion of the retinal 
artery (3). The frequent haemorrhage from mu- 
cous membranes may be explained partly by 
thrombosis in the small vessels, partly by throm- 
boecytopenia or adsorption of the coagulation 
factors to the abnormal proteins (20). The in- 
creased tendency to infection which is common 
in these patients is the result of the production 
of abnormal gamma globulins which are less 
effective as antibodies, the resistance being, 
therefore, reduced. As regards the formation of 
paraproteins, it is presumed that they are formed 
in the reticulo-endothelial cells or cells developed 
from these (20). It hos proved possible to isolate 
paraproteins with eryoglobulin properties from 
Iymph glands in a patient suffering from lympho- 
sarcoma (1) and, similarly, in a patient with 
myelomatosis, it was demonstrated that the bone- 
marrow was completely infiltrated with plasma 
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cells containing a particularly high, concentration 
of paraproteins. In the patient in question here, 
the site of formation is undoubtedly the reticular 
cells in the bone-marrow and changes in the 
bone-marrow cells constitute the primary cause 
of the various symptoms. 

According to the classical unitarian theory, the 
parent cells in the bone-marrow are multipotent. 
It is thus presumed that they are the parent 
cells of 1) erythrocytes, 2) granulocytes, 3) reti- 
culocytes, which are the precursors of plasma 
cells and 4) fibroblasts, which may develop to 
osteoblasts. For reasons as vet unknown, the dif- 
ferentiation to one of these four cell groups may 
dominate just as differentiating to several of these 
may take place simultaneously. In this case, the 
differentiation in the direction of erythropoiesis 
was the first to be accelerated and this led to 
polycythaemia. Formation of fibroblasts probably 
increased simultaneously, which is suggested by 
the already enlarged spleen, but this was not 
observed clinically until, on account of the spatial 
relations, connective tissue and bony tissue had 
destroyed the majority of the bone-marrow so 
that even the accelerated erythropoiesis was un- 
able to maintain the haemoglobin level. This is 
in agreement with the fact that the patient suffer- 
ed from quite pronounced anaemia (haemoglobin 
56 per cent) on admission. 

Subsequently, the differentiation deviated to- 
wards the reticular cells which were found in 
definite and increased quantities in the bone- 
marrow in this patient. If the differentiation of 
these cells had progressed sufficiently to plasma 
cells, myelomatosis would have been present. If 
this patient survives long enough, it is possible 
that myelomatosis will develop. This theory also 
explains the great incidence of myeloid leukae- 
mia in patients with polycythaemia. In myelo- 
sclerosis, the extra-medullary haemopoiesis de- 
velops markedly, which leads to very pronounced 
splenomegaly which is particularly typical of 
this condition. As mentioned previously, the 
spleen in this patient occupies the entire left side 
of the abdomen. 

TREATMENT 

The biochemical relationships in dysprotein- 
aemic conditions remained unexplained until a 
few years ago. In 1954, Kolthoff et al. (17) 
demonstrated that the sulphydryl concentration 
(SH-conc.) in the plasma was reduced in patients 
suffering from Waldenström’s macroglobulinae- 
mia. From this starting point, Deutsch in 1956 
(9) demonstrated successfully that addition of 
certain sulphur-containing amino acids in vitro 
could prevent precipitation of proteins from a 
patient suffering from Waldenström’s macroglo- 
bulinaemia. By means of ultracentrifugation, the 
molecular weight was demonstrated to be reduced 
from % to MU. By removal of the SH-containing 
substances, the macroglobulins were repolymer- 


ized and precipitated out again. It is therefore 
presumed, that the connections between the mole- 
cules are sulphur bridges (-S-S-) which are hydro- 
genized to SH groups and thus the molecules are 
split. 

It was demonstrated in 1958 that cystein pos- 
sessed this de-polymerizing property (12). In 
the same vear, Isliker (15) showed that cyste- 
amine was also capable of splitting the sulphur 
bridges of the proteins. 

Treatment of the dysproteinaemiae and their 
sequelae is extremely difficult and, as anticipated 
previously, has proved very disappointing. Cor- 
tisone, ACTH, P32 and radiation have been at- 
tempted with at the most only short-lived sympto- 
matic effect. 

In 1950, Barr, Reader & Wheeler (3) 
were the first to attempt exchange transfusion in 
the treatment of a patient with pronounced cryo- 
globulinaemia in myelomatosis. Determinations 
of the eryoglobulin concentration daily for a week 
after daily exchange of % to 2 1 of blood, showed, 
by and large, unchanged values. The authors con- 
cluded by calculations that they had eliminated 
20 g eryoglobulin daily and that this had thus 
been reformed. This figure gives the immediate 
impression of being strikingly large, but at autop- 
sy, myelomatous foci consisting of plasma cells 
were found everywhere and the abnormal protein 
was presumed to have been formed in these. 

In the past few vears, several communications 
have been published, including one by Skoog 
& Adams (29), concerning plasmaphoresis in 
a patient suffering from Waldenström’s macro- 
globulinaemia, according to which the patient 
was maintained symptomfree for several months 
by removing 300 to 500 ml plasma every 3rd to 
Gth week. In the patient concerned here, for 
practical reasons, plasmaphoresis was abandoned 
and, instead, exchange transfusions of 4 1 blood 
were undertaken on two successive days, after 
which the haemoglobin percentage rose to 73. 
The findings on serum electrophoresis and serum 
immune electrophoresis were more or less un- 
changed. The patient felt better subjectively and 
the pain in the hands and feet diminished and 
they felt warmer. However, as might be anti- 
cipated, the necrotic areas of skin remained un- 
changed. In the subsequent week, the condition 
remained by and large stationary, and after this 
the gangrene on the right foot progressed. The 
condition gradually became such that amputation 
was considered necessary and the patient was 
transferred to a surgical department, where a 
right-sided amputation through the thigh was 
performed. The post-operative course was un- 
eventful. Healing of the wound was thus sur- 
prizingly good. 

The question then remained: What could be 
done to prevent gangrene in the other leg and 
the other fingers? On the basis of studies by 
Deutsch (9) & Isliker (15), Block et al. 








S no4 


mmm 
refore 
mole- 
ydro- 
es are 


L_Pos- 
B. Ik 
cyste- 
Iphur 


their 
pated 

Cor- 
n at- 
npto- 


» (3) 
on in 
cryo- 
tions 
week 
wed, 
con- 
rated 
thus 
diate 
atop- 
cells 
ptein 


ions 
oog 
s in 
LCTO- 
tient 
nths 
d to 

for 
ned 
lood 
fter 

78. 
rum 
un- 
and 
and 
nt i- 
un- 
tion 
this 
The 
tion 
was 
e a 
was 
un- 
sur- 








SEPTEMBER 1961 





DANISH MEDICAL BULLETIN 113 





in 1958 treated two patients suffering from Wal- 
denström’s macroglobulinaemia with penicilla- 
mine (== dimethylcystein) which is a normal 
break-down product in the organism following 
administration of penicillin. The substance is 
entirely without antibiotic effects. Later, further 
cases were reported (25, 26). Similarly, cyste- 
amine (Becaptan (2, 11)) has been successfully 
employed (15). 

The effect may be traced by changes in the 
plasma where the relative viscosity, which is 
usually increased, is reduced again. The concen- 
tration of paraprotein falls and, in cases where 
hyperproteinaemia was present, the total protein 
also falls. Only the abnormal protein is reduced 
and not the normally-occurring protein (5). In 
cases with hypogammaglobulinaemia, and the 
majority of cases are such, this fraction increases 
during treatment, investigation by electrophoresis 
revealing that the peaks become broader. Further, 
the molecular weight (9), determined by ultra- 
centrifugation, is reduced. The changes are ob- 
served in vitro and in vivo and occur immedi- 
ately also following massive doses of penicillin, 
such as 10 million units intravenously, but remain 
only for a few hours. On the other hand, penicil- 
lamine and cysteamine administered orally con- 
tinuously in doses of 1.5 to 2 g daily can maintain 
normalization of the plasma for weeks. 

This patient has now been treated with cyste- 
amine orally for six months. For the first three 
months the dose was 0.9 g daily and the second 
three months 1.8 g daily. The results of the treat- 
ment may be summarized in the following state- 
ments : 

(1) Since the commencement of treatment no 
new dysproteinaemic symptoms have developed. 
(2) Pain has diminished. (3) The general con- 
dition has improved considerably so that the 
patient, despite the thigh amputation, can walk 
in a walking cage. (4) The BSR has fallen from 
90 to 28 per hour. (5) The serum immune electro- 
phoresis investigation reveals decisive changes as 
the gamma globulin and the beta-2-M-globulin, 
which previously were greatly reduced, are now 
normal. The beta-2-A-globulin is, however, still 
increased. (6) The protein distribution as deter- 
mined by ultracentrifugation approximates more 
nearly to the normal values. The values are al- 
bumin 60 per cent, globulin 37 per cent and 
macroglobulin 3 per cent. 

The risks involved in this treatment are slight 
and consist of toxic nephritis with albuminuria 
and, for this reason, frequent examination of the 
urine is essential. Other complications are skin 
eruptions, in the form of erythema, which this 
patient showed transiently. 

The greatest danger is not in the treatment 
per se but possible withdrawal of this. In the 
course of 24—48 hours this may lead to precipi- 
tation of the paraproteins, a so-called rebound 
effect on account of the sudden reduction in the 





concentration of sulphydryl so that the sulphur 
links are re-established. It is, therefore, important 
that administration is continuous to avoid general- 
ized thrombus formation. 


SUMMARY 

A case of dysproteinaemia (increased beta-2- 
A-globulin) with Raynaud’s syndrome, myelo- 
sclerosis and splenomegaly developing after polyv- 
cythaemia vera is described. The patient has 
been treated for six months with cysteamine (Be- 
captan) and no new dysproteinaemic vascular 
symptoms have developed since the commence- 
ment of treatment. 


SUMMARIO 


Erik Peitersen: CYSTEAMINA IN LE TRACTAMENTO 
DE DYSPROTEINEMIA CON SYNDROMA RAY- 
NAUD 

Es describite un caso de dysproteinemia (aug- 
mentation de beta-2-A-globulina) con syndroma 

Raynaud, myelosclerosis e splenomegalia mani- 

festante se pose polytemia ver. Le patiente ha 

assite submittite a tractamento con cysteamina 

(Becaptan) durante sex menses, in qual periodo 

se ha disveloppate nulle ulterior symptomas dys- 

proteinemic vascular. 
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EVALUATION OF RESPIRATORY FAILURE — 
THERAPEUTIC CONSEQUENCES 


By H. C. A. LASSEN 


PATHO-PHYSIOLOGY 


How can one define respiratory failure? 

The function of respiration is to ensure normal 
Os and CO2 values in the arterial blood. Respira- 
tory failure may, therefore, be defined as a con- 
dition in which these values are abnormal as a 
result of an anomaly in the respiratory system. 
This definition, however, only covers the manifest 
cases of alveolar hypoventilation. It does not 
cover incipient respiratory insufficiency which 
is not yet manifest as is frequently observed in 
cases due to imminent insufficiency of the peri- 
pheral respiratory muscles. In certain cases of 
poliomyelitis or polyradiculitis, the patient may 
present definite clinical signs of respiratory fai- 
lure, the arterial blood at the some time showing 
a normal oxygen saturation and a normal or even 
reduced CO3 concentration. 

It is surprizing and may occasionally have 
harmful consequences that arterial puncture is 
still employed so little. It is easy to carry out and 
gives extremely useful information in a great 
number of cases. 

In cases of respiratory failure which are not 
yet manifest, the patient uses his last strength to 
maintain normal oxygen saturation with the re- 
cognized result that a certain excess of CO2 
occurs. In this phase, experience shows that 
a break-down with biochemical incompensation 
is imminent. In many of these cases the work in- 
volved in keeping the respiratory bellows, the 
stiff thorax, in motion is very great. When a cer- 
tain limit is reached, the muscular apparatus 
fails with the result that the oxygen saturation 
falls and the CO2 tension rises. In patients who 
are being “weaned” from the use of a respirator, 
is may occasionally be striking to observe that a 
time comes when the patient wants to get back 
into the respirator because he is now so tired that 
he is in need of having spontaneous ventilation 
supplemented with the help of the machine. At 
this time the patient is frequently not cyanotic at 
all, at the most slightly tachypnoeic, and arterial 
puncture will reveal normal values for oxygen 
saturation and CO> tension. “Fatigue” does not 
coincide with falling oxygen saturation and in- 
creasing pCO2. There does not appear to be any 
biochemical necessity for the patient to return 
to the respirator. The patient is correct in saving 
that he is tired. 

It appears appropriate to mention here the 


From Blegdamshospitalet, Copenhagen. 
Lecture held in Toulouse on June 19, 1960 and in 
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help which may be obtained by laboratory in- 
vestigations in evaluation of imminent or mani- 
fest respiratory failure. (It is necessary that 1 
mention conditions which are commonplace for 
many of the readers). 

Normal oxygen saturation and normal pCOs 
depend upon the volume of alveolar ventilation 
and its distribution, the diffusion across the alve- 
olar membrane and the relationship between 
ventilation and perfusion of the lungs. 

Alveolar ventilation depends partly upon how 
the bellows, í. e., the thorax, function and partly 
upon the distribution of the air in the various 
segments of the lungs. 

Measurement of the vital capacity, which is 
easy to carry out provided the patient is able to 
co-operate, gives a certain impression of the ven- 
tilation, particularly in the paralytic cases. In 
any case, it is a danger signal if the vital capacity 
falls rapidly. Should the vital capacity fall to 
about one litre, however, in acute adult cases, 
other definite signs of failing respiration are 
nearly always present which indicate that the 
spontaneous respiration requires to be supple- 
mented. Estimation of the minute ventilation has 
only limited significance but provides, however, 
the possibility of estimating the alveolar ventil- 
ation which is equal to the tidal air minus the 
dead space multiplied by the number of respira- 
tions per minute. In a normal adult, the dead space 
is about 150 ml. If the tidal air is 500 ml and the 
frequency of respiration 18, the alveolar ventil- 
ation is: (500—150) x 18, í. e., approximately 
6.3 litres per minute. 

If respiration is rapid and shallow, the alveolar 
ventilation falls because the tidal air, or the re- 
spiratory stroke volume, is limited. If the dead 
space is increased, which it always is in patients 
with chronic pulmonary disease of the emphyse- 
matous type, the alveolar ventilation also falls. 

These theoretical considerations have a certain 
practical value. 

Let us assume that the arterial blood in a case 
of cor pulmonale with acute respiratory insuffi- 
ciency shows an oxygen saturation of 60 per cent 
and a pCO2 of 90 mm Hg. The volume of the 
dead space is measured according to Bohr’s 
equation to be 300 ml. The patient, who has been 
submitted to tracheotomy, is placed in a positive 
pressure respirator e. g. a Lundia machine, ad- 
justed to a stroke volume of 500 ml 20 times per 
minute. The alveolar ventilation is then: (500- 
300) x 20, í. e. 4 litres per minute. If the in- 
spired gas is pure oxygen, oxygen saturation 
wille be satisfactory while the CO2 tension will 
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remain high or even rise. If the stroke volume is 
altered to 800 ml and the frequency to 14, the 
alveolar ventilatien may be calculated to increase 
considerably as (800—300) x 14 gives an alveolar 
ventilation of 7 litres per minute. Everything 
else being equal, the consequence will be that 
oxygen saturation will remain normal and the 
pCOs will fall. 


As regards the distribution of the inspired air, 
it may be assumed that this is always uneven in 
patients with diffuse pulmonary disease and 
emphysema. This may be illustrated by the follow- 
ing example: the 80 per cent Ns in ordinary air 
is, by and large, inert and acts as a sort of air 
buffer. If atmospheric air is substituted by pure 
oxygen, the content of nitrogen in the alveoli in 
a normal individual will fall from aprroximately 
80 per cent to approximately 2.5 per cent after 
respiration for 7 minutes. This is an expression of 
the normal lung clearance of Ns. In a patient 
with severe emphysema, the Na percentage after 
7 minutes would be 15—20 per cent on account 
of the abnormal mixing conditions in the lungs. 
This elimination phenomenon, in other words, 
gives a certain measure for the defect in mixing. 

Diffusion of Os and CO2 across the intact alve- 
olar membrane depends upon the pressure gra- 
dients for these gases, the condition of the alveolar 
membrane and the specific diffusion constants. 
The diffusion constant of carbonic acid is, as is 
known, very high, approximately 20 times as great 
as that of oxygen, which means in practice 
that CO> diffusion is never reduced in clinical 
vases despite the fact that the initial pres- 
sure gradient is only 6 mm Hg — 46 mm in venous 
blood as compared with 40 mm Hg in arterial 
blood where the concentration is always the same 
as the concentration in the alveolar air. 

Where oxygen is concerned, the conditions are 
quite different. The oxygen partial pressure in 
alveolar air is approximately 100 mm Hg while 
that in venous blood is as low as 40 mm Hg. The 
gradient is thus no less than 60 mm Hg. Despite 
this considerable difference in pressure, the ar- 
terial blood leaves the pulmonary capillaries 
scarcely saturated with oxygen as the normal 
oxygen saturation percentage is approximately 
96 per cent. This deficit is due to the physiological 
pulmonary shunt. In various conditions, oxygen 
diffusion may be reduced: cardiac stasis, pul- 
monary oedema, pulmonary fibrosis, penumo- 
coniosis etc. In practice, the question frequently 
arises: to what extent is a reduced oxygen 
saturation due to insufficient alveolar ventilation 
or reduced oxygen diffusion. This question, how- 
ever, is not difficult to answer because the pCO2 
in the first instance will always be high while 
the carbon dioxide tension in the second case 
remains normal because, as already mentioned, 
difficulties in CO diffusion are not seen clinic- 
ally. 


Pulmonary perfusion is the third factor which 
must be considered. Every irregularity arising 
between the alveolar ventilation and the pul- 
monary perfusion is reflected in the arterial 
blood. 

A pulmonary shunt may develop under various 
conditions, such as atelectasis and pneumonia, 
with the result that a certain fraction of the 
venous blood is not oxygenated. It is easy to re- 
cognize the presence of a pulmonary shunt be- 
vause every oxygen deficiency may be normalized 
in a short time by respiration of pure oxygen, 
except when a shunt is present. The extent of 
any shunt present may be measured by injecting 
intravenously an aqueous solution of radio-active 
tritium. 

This is a new method which is not vet widely 
known. 

The solubility of this radio-active gas in water 
is so slight that in a normal individual it leaves 
the pulmonary circulation in the course of one 
single pulmonary circulation. In other words, 
analysis of the arterial blood for tritium approxi- 
mately 10—20 seconds after the injection gives a 
measure of the extent of the pulmonary shunt. 

Maintenance of a stable acid-base equilibrium 
is of fundamental significance for the organism. 
It is known that the pH of the blood varies 
slightly about 7.40. This equilibrium depends 
upon the buffer-substances in the blood (prima- 
rily sodium bicarbonate), the pulmonary ventil- 
ation and the renal function. The lungs excrete 
gaseous COs. This regulation mechanism is very 
effective and very sensitive to every increase in 
pCOs because the respiratory centre is first of all 
sensitive to CO2. The renal compensatory mechan- 
ism is considerably slower in coming into action. 
The kidneys are known to be concerned with the 
excretion of non-volatile acids. Where elimin- 
ation of acids is concerned, the lungs are approxi- 
mately 200 times more effective than the kidneys. 

Some confusion exists as regards the inter- 
pretation of the terms acidosis and alkalosis. In 
my opinion, these terms should only be employed 
in regard to the pH of the blood. Acidosis is only 
present when the pH is reduced and alkalosis only 
when the pH is raised. The pH may be measured 
with great accuracy. On the basic of the Hender- 
son-Hasselbach equation: 

HCO; 
pH = 6.1 + log PCO; x K 
and by measuring total CO by van Slyke’s 
volumetrie technique the pCO2 may be calculated. 
In the Henderson-Hasselbach equation, the bicar- 
bonate in the numerator represents, with a cer- 
tain approximation, the renal factor while the 
pCOs in the denominator expresses the pulmonary 
factor. Every rise in COs in the arterial blood is 
due to pulmonary hypofunction. In normal in- 
dividuals, the fraction is 20, the logarithm to 
the power 10 of which is 1.3. Normal pH in 
arterial blood is, therefore, 6.1 + 1.3 — 7.4. It is 
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of great importance to measure the pH directly 
because the total CO> concentration alone does 
not give precise information about the acid-base 
equilibrium of the blood. In cases of chronic 
hypoventilation, the bicarbonate concentration 
may be increased and this may be interpreted as 
alkalosis while simultaneously the pH is reduced 
and the pCOs increased. In such cases, acidosis 
partially compensated by renal function can be 
diagnosed. 

In summarizing, it must be admitted that labor- 
atory tests are only of limited assistance where the 
demonstration of imminent respiratory insuf- 
ficiency is concerned. When artificial respiration, 
however, has been instituted, laboratory investiga- 
tion of the arterial blood may give valuable in- 
formation about the dosage of artificial respira- 
tion. It should, however, be emphasized that, by 
and large, laboratory information is of little value 
where the prognosis of a given case is concerned. 

In the last analysis, therefore, clinical experien- 
ce is decisive which, all in all, is satisfactory. 


CLINICAL CONSIDERATIONS 


Clinical evaluation of the condition of a patient 
in whom there is a possibility that alveolar hypo- 
ventilation may become manifest, depends to a 
great extent upon the type of disease he presents. 

Consider, for example, a voung adult in the 
acute phase of poliomyelitis. Let us presume that 
there is paresis of one arm, high fever and that 
the patient is apprehensive though mentally clear. 
Does he feel that he is not getting enough air? 
Is he cyanotic? Are the auxiliary muscles of res- 
piration being employed? Are the movements of 
the thorax normal or reduced? What impression 
is gained about the diaphragmatic movements? 
What it the condition of the abdominal muscles? 
Is swallowing adequate or is secretion accumulat- 
ing in the pharyngeal introitus? Does stethoscopy 
of the lungs reveal any diffuse or local defect in 
respiration? What information is gained from the 
X-ray pictures? 

There are, however, still other questions which 
are of significance: the blood pressure, signs of 
cardiac insufficiency, of vascular shock and of 
failing diuresis. 

Many patients suffering from cor pulmonale 
who have adapted themselves to the chronic con- 
dition can lead quite active lives with an oxygen 
saturation and pCOs value which would produce 
severe symptoms in non-adapted individuals. 

When evanosis is recognizable, the oxygen 
saturation has always fallen to less than 70 per 
cent, but, on account of the oxygen saturation 
curve of haemoglobin, the oxygen tension in the 
blood has fallen even more, to approximately 50 
per cent. 

Sudden rise in pCO2 can be recognized clini- 
cally by profuse sweating, increase of secretion 
in the bronchi and increase of the blood pressure. 
This is a situation which is frequently encoun- 


tered in cases of paralytic respiratory failure with 
blocking of the airways. Such a situation may 
endanger the life of the patient in the course of 
a very short time. 


PLANNING OF TREATMENT 

When the treatment is being planned it is of 
decisive importance to decide whether a given 
patient is to be classified as “dry” or “wet”. 
In a case which is classified as “dry”, it is not 
necessary to carry out tracheotomy. If the patient 
is considered to require ventilatory aid, he may 
be placed (ie. the dry cases) in a rocking bed, 
a cuirass respirator or in an iron lung. In “wet” 
cases, in our experience, early tracheotomy is 
indicated and very often it is necessary to connect 
the patient with an intratracheal positive pressure 
respirator. 

It must, however, be realized that the majority 
of paralytic cases which undoubtedly commence 
as “dry” sooner or later become “wet” partly on 
account of hypercapnia and partly because of 
coma with disappearance of the swallowing and 
cough reflexes. 

The first therapeutic measure in a “wet” case 
is to place the patient in a position of postural 
drainage. Frequently, however, this is not suf- 
ficient or the patient may not tolerate this posi- 
tion. The practical consequence of this is that 
it is nearly always necessary to carry out a tra- 
cheotomy with introduction of a rubber tube with 
an inflatable cuff which prevents aspiration of 
secretions from the hypopharynx and permits 
aspiration of secretions from the bronchial tree. 
If the patient is still underventilated after tra- 
cheotomy and thus requires increased alveolar 
ventilation, experience has proved that the types 
of iron lung we are familiar with are inadequate. 
They may be tried but are seldom successful. In 
our experience, intratracheal ventilation is the 
only effective measure in these cases. 

In our hospital we always employ the Lundia 
respirator in the acute cases. It is not very com- 
plicated and nearly fool-prof. 

It is inevitable, I think, that many readers have 
gained the impression that our indications for 
tracheotomy are too wide. This is not so! We al- 
ways attempt to avoid tracheotomy where this is 
possible but we have much more frequently re- 
gretted postponement of tracheotomy which, after 
all, is a minor surgical procedure, than we have 
performed the intervention too early. 

Nor do we disapprove in principal of tank 
respirators. A modern tank respirator is an ex- 
cellent instrument which has its limited place 
and its limited indications in the treatment of 
respiratory insufficiency but, in our experience, 
its domain is very limited. 

In a tank respirator, the patient is enclosed 
in a narrow steel box. He cannot move and it is 
difficult to treat him or to administer pulmonary 
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physiotherapy or ordinary physiotherapy to the 
extremities to counteract the tendency to contrac- 
tures. 

In contrast to the patient in the iron lung, the 
tracheotomized patient who is ventilated by 
means of a Lundia machine is free, he is not en- 
closed in a narrow box, he can move his arms 
and legs if his muscular strength is sufficient, 
he can be kept under meticulous observation and 
all the nursing care required can be undertaken 
and intravenous infusions and pulmonary physio- 
therapy may be administered. 

If the duration of the artificial respiration is 
prolonged, the patient can get up and sit in a 
chair or can come out into the garden. We have 
done this here every summer for many vears. 

Where patients with chronic diffuse pulmonary 
disease are concerned, viz. patients with cor 
pulmonale, the situation is rather special when 
they develop a condition of cardio-pulmonary 
insufficiency. Treatment is nearly always com- 
menced with administration of oxygen via a nasal 
catheter. If the oxygen, however, is not very 
cautiously administered, the result may easily be 
that the patient becomes confused or comatose 
despite normalization of the oxygen saturation. 
The reason for this is naturally that the hypoxic 
stimulus to respiration disappears, the alveolar 
minute volume falls and the pCO» rises. If the con- 
dition is not relieved after the administration 
of a well-balanced oxygen therapy it becomes 
necessary to perform tracheotomy and connect 
the patient with a Lundia or Engström positive 
pressure machine. 

Even in the cases in which the insufficiency 
is predominantly cardiac in origin with oedema, 
artificial respiration may be of advantage because 
normalization of oxygen saturation, per se, will 
produce excretion of the oedema in the course of 
a couple of days even if the hypercapnia persists. 

In cases of tetanus, two different situations 
with respiratory failure may develop. One is due 
to sudden spasms of the laryngeal muscles or the 
thoracic muscles which are fixed in tetanic con- 
traction. If these spasms do not cease spon- 
taneously in the course of a very short time (1—2 
minutes), it is necessary to administer curare and 
institute artificial respiration, at any rate for a 
period, either via a mask or an oral intratracheal 
tube. 

The other dangerous situation may occur in 
severe cases of tetanus where in order to prevent 
spasms it is necessary to administer massive doses 
of sedatives. This often results in diminution of 
spontaneous ventilation, the cough reflex is di- 
minished, secretions accumulate in the hypo- 


pharynx and the patient becomes “wet”. Finally, 
the alveolar ventilation decreases so much that 
it becomes necessary to supplement it by means 
of tracheotomy and endotracheal artificial ven- 
tilation. 





THERAPEUTIC RESULTS 

The methods of controlled artificial respiration 
introduced in 1952 during the great epidemic of 
poliomyelitis in Copenhagen resulted not only in 
an increasing interest in various forms of de- 
crease of alveolar ventilation but also in the 
numerous laboratory tests measuring the func- 
tion of the lungs, the electrolytes and gases in the 
blood and the acid-base equilibrium. 

As might be predicted and as has already been 
suggested, the principles used in the treatment 
of respiratory failure due to poliomyelitis were 
soon applied to a whole series of other diseases 
during which respiratory failure may develop. 

During the seven years until the end of 1960, 
nearly 200 patients suffering from respiratory 
insufficiency of such severity that it proved ne- 
cessary to perform tracheotomy and employ 
mechanical artificial respiration were treated in 
the hospital. 

It is important here to emphasize that, with 
very few exceptions, the patients were nearly 
all in an extremely poor condition prior to the 
commencement of the treatment. This, quite liter- 
ally, was their last chance, as all other forms af 
treatment had proved inadequate. It can be said 
with safety that the majority of these patients 
would not have survived if this very active thera- 
py had not been instituted. These patients nearly 
everywhere would have been considered being 
beyond treatment. IT do not emphasize this in 
particular to stress the significance of the active 
therapy outlined above but to point out that some- 
thing, which may frequently be life-saving, can 
be done even in these desperate cases. 

Many very ill patients have been sent to us from 
other departments. For this we are very grateful, 
but, it must be admitted that frequently they ar- 
rived at the hospital in very poor condition which 
had developed during transport on account of 
insufficient instruction and deficient supervision. 

Il am convinced that the time has come for a 
few special centres to be established in this 
country, as in other countries, for the treatment 
of patients with respiratory failure, as it must be 
recognized that such treatment is a highly spe- 
cialized affair. 

I am well aware of the many secruples and 
objections many colleagues will raise: “These 
miserable patients survive for a time. You prevent 
them from dying but what sort of a life will they 
lead?” 

To this the first reply must be that no one can 
judge what a fellow-being can get out of life even 
under conditions which one would consider in- 
tolerable. In addition, it is our indisputable obliga- 
tion to keep our patients, with a very few excep- 
tions, that it is not the place here to discuss, alive 
as long as possible. In that respect, our patients 
must feel absolutely secure. In my opinion, this 
aspect of the subject is above discussion. 

After the epidemic in 1952, we had for years 
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approximately 20 chronic respirator patients in 
our care. 1 saw them practically every day and 
remember one day when I was talking with one 
of them, a man of about 35 years who was 
completely paralysed and only able to ring for 
help by rolling his head. He had been in a 
respirator for six years. 1 asked “How are you to- 
day?”. The answer was, “Why do you ask that? 
Why should I not be all right? I have nothing to 
worry about.” I shall never forget that. 

On the other hand, it must not be overlooked 
that not a few of these desperately ill patients 
with respiratory failure suffer from diseases 
which are reversible. When the dangerous stage 
of the disease is over no sequelae remain. 

Tetanus is an example of such a disease and 
Guillain-Barré’s syndrome another. 

The Table shows the various groups of patients 
suffering from respiratory insufficiency who were 
treated from 1954 until the end of 1960. 

Obviously, no schema of this type can be de- 
finite or entirely logical. Many of the cases could 


equally well be classified under one heading or 
another. 

The limited number of patients with polio- 
myelitis with respiratory paralysis after 1954 will 
be noted. This is probably a result of extensive 
vaccination with Salk’s vaccine in Denmark. Un- 
til quite recently, several years had elapsed since 
we had a patient with poliomyelitis and respira- 
tory paralysis. In February 1960, a voung un- 
vaccinated man was admitted and died within 
the course of a week with total paralysis. Out 
of the five cases recorded in the Table, one is 
now a chronic respirator patient. It should per- 
haps be pointed out that this patient, in fact, had 
received three injections of Salk vaccine. Such 
cases, though rare, are bound to occur despite 
adequate vaccination. There is nothing surpris- 
ing in this. 

Among the patients with neurological diseases 
there were two with amyotrophic lateral sclerosis. 
These two are the only cases among the 193 non- 
poliomyelitice cases which became chronic respi- 


Patients with Acute Respiratory Failure Treated in Blegdamshospitalet 





























1954—1960. 
Type Diagnosis Total Deaths 
A. Insufficiency of Respiratory 
Muscles 
1. Central Origin Virus encephalitis 17 7 
Clinical Picture: Coma |Purulent meningitis 19 12 
with stagnation of se- | Tuberculous meningitis 3 2 
cretions in respiratory | Carbon tetrachloride poisoning 1 1 
passages Uraemia 1 1 
Other types of coma 2 2 
2. Peripheral Origin Acute anterior poliomyelitis 5 1 
Guillain Barré'’s syndrome 23 7 
Various neurological diseases 15 5 
Botulism 1 0 
3. Spasm of Respiratory Tetanus 31 11 
Muscles Tetanus neonatorum 9 8 
B. Obstruction of Respiratory 
Passages 
1. Stagnation of secretions 
(See AI) 
2. Anatomical Obstruction of 
Respiratory Passages, 
nearly always localized |Whooping cough 6 4 
to the larynx — spasM, | Mononucleosis 4 0 
oedema, membrane for- 
mation Laryngeal abscess 3 0 
C. Pulmonary Diseases 
Fulminant pneumonia, fre- 
quently a complication of in- 
fluenza with staphylococcal 
pneumonia 14 12 
Chronic bronchitis with emphy- 
sema and cor pulmonale 44 11 
Total on Jan. 1, 1961 198 84 (42 %) 
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rator patients. One of them has since died while 
the other, in her own opinion, leads a tolerable 
existence in a newly established special institu- 
tion. 

In the course of 1961 we have treated two fur- 
ther cases of amyotrophic lateral sclerosis. One 
of them is now about to die, the other will never 
get rid of the respirator. 

It is my firm conviction, now, that if a patient 
with this disease gets into a state of respiratory 
failure, it is of no avail to start artificial respira- 
tion — it is more humane to let the disease run its 
course. 

I shall give a brief account of one isolated case 
from Group A. 

A female aged 71 living in the Home for Old 
People developed pneumonia. One morning she 
was found in her bed in a comatose state ap- 
parently with tetraplegia. Although cerebral hae- 
morrhage was suspected a tracheal tube was in- 
troduced via the mouth because, by chance, there 
was a houseman in the Department who recently 
had been a member of our staff. Artificial respira- 
tion with a rubber bag was commenced and the 
patient transferred to us. Here, it was found that 
the pH of the arterial blood was 6.94 and the 
CO tension 151 mm Hg. i.e. a state of extreme 
respiratory acidosis. The case was considered to 
be hopeless but, to make a long story short, five 
days later, the patient could be discharged in a 
clear mental state and without neurological se- 
quelae. 


Once again we had learnt something. 


The other large Group, B, comprizes the cases 
due to obstruction of the respiratory passages 
partly on account of accumulation of secretions 
and partly on account of anatomical obstruction 
of the air passages. 

The third main Group includes two sub-groups. 
The first represents the cases of fulminant pneu- 
monia frequently caused by penicillin-resistant 
staphylococci and the other 44 cases of chronic 
diffuse pulmonary disease with emphysema and 
chronic cor pulmonale. 

In my opinion, this last group is of great in- 
terest. It has increased considerably during the 
past few years because patients with diffuse 
chronic pulmonary disease seem to be more and 
more frequent in medical wards in all highly in- 
dustrialized countries. In many parts of Britain, 
this problem is of dominating importance. The 
group is characterized by an asphyxic syndrome 
with hypoxia and hypercapnia. The patients 
nearly always have had chronic bronchitis and 
emphysema, occasionally asthma, for years. In 
such patients, intercurrent respiratory infection 
easily leads to manifest respiratory insufficiency. 


As we all know, these patients with very few 
exceptions have a distended, stiff, and frequently 


deformed thorax. For the patient it requires much 
work to produce an adequate ventilation. 

Just why chronic bronchitis etc. leads to 
“sclerosis” of the thorax is not clear and not 
even properly elucidated. 

Medical textbooks are unanimous is stressing 
that the prognosis in cases of cor pulmonale ete, 
is very poor once respiratory and cardiac failure 
have appeared. This is no longer true. We were 
able to help three fourths of our patients in this 
group over the dangerous episode and back into 
the state in which they were prior to the intere 
current infection. In many cases, genuine im- 
provement could be achieved in the basal condi- 
tion, e.g. in cases in which secretions could be 
reduced, the weight could be reduced or where 
a heavy smoker could be persuaded to give up 
tobacco. 

I shall only quote one case: The patient is a 
mechanic in the hospital and is now about 50 
years of age. Years ago, he underwent a thoraco- 
plasty on account of tuberculosis and now has a 
somewhat deformed thorax. For several years he 
has suffered from chronic bronchitis, severe em- 
physema and cor pulmonale. As the result of an 
acute infection in the upper respiratory tract, his 
condition deteriorated in the course of a few 
days. On admission in 1955, the oxygen saturation 
was 65 per cent and the pCO2 raised. Oxygen was 
administered per nasal catheter with the usual 
result that he became comatose. The pCO2 was 
then 86 mm Hg. 

By increasing the alveolar ventilation by means 
of a machine, the patient recovered rapidly. He 
is now still at work five years later although it 
is now becoming difficult for him to manage à 
full working day. 

As will be apparent from the table, we were 
able to being 58 per cent of these desperately ill 
patients over the critical stage. I consider this 
must be regarded as a good result and due no 
doubt to the fact that these patients were concen- 
trated in a few specialised wards in the hospital. 

Years after we had instituted the treatment de- 
scribed here for desperately ill patients suffering 
from respiratory insufficiency, IT happened to 
read, one evening, Claude Bernard’s lectures on 
physiology from 1856 i.e. 100 years ago. In â 
lecture on curare, I found the following passage: 

A female donkey was led into the lecture room 
and pricked is the shoulder with an arrow dipped 
in curare. A few minutes later, the donkey cok 
lapsed in front of the students. Claude Bernard, 
thereafter, rapidly incised the trachea, dilated the 
opening and introduced the nozzle of a pair df 
bellows into the wound. The thorax was then 
rhythmically inflated, expiration, naturally, was 
passive, and a few minutes later, the animal began 
to move and had soon quite recovered. The 
method was thus employed by Claude Bernard 
100 years before we began to use it. 
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